Abstract-Due to dynamic range compression and contrast enhancement realized simultaneously in traditional image enhancement algorithm based on frequency domain, which cause the low contrast degree, an improved image enhancement algorithm based on fuzzy filter is proposed in this paper. According to subjective feeling of the human visual system to light luminance, the image is processed with the global brightness transform. And the image with the global low contrast degree and the poor effect of edge parts has sound reinforcing effect. Furthermore, the edge contrast is enhanced, even the brightness contrast and information can also effectively improve. Experimental results demonstrate that the algorithm has got good enhancement effect.
I. INTRODUCTION
During generating, transportation and transformation, the image quality will decrease due to influence of kinds of objective factors, for example, low contrast, image blur and so on. Image quality is greatly improved by image enhancement technique. The aim of image enhancement is to improve image visual effect and the clarity of the images by introducing series of technology. The image is transformed to provide better input for other automated image processing systems, like man or machine. It is not image guarantee level for principle, but to stand out the information of interest and restrain the useless information, in order to improve the use value. Enlarging the useful information is a distortion process, so as to improve image visual effect. Aiming at a specific application of a given image, the goal is to improve the peculiarity of the whole image or part of it. Image enhancement is done to make blur image clear or draw out what we are interested in. Because all of this there is not universal and objective standard to measure the enhancement quality. These enhancement methods are always especial pertinence, so the enhancement result depends on the subjective evaluation. Namely, these methods can only be used selectively. The image enhancement method is to introduce additional information or transform data for original image, and selectively highlight some interested features or restrain other unuseful features, which can match well the image feature with visual response property. In image enhancement, ignoring the reason of the image degradation, make the processed image is not always approaching the original image. Due to different spatial during the enhancement, the enhancement method is divided into two types: spatial-based technology and frequency-based technology. The algorithm based on spatial domain directly analysis gray pixels of an image, while frequency-based enhancement only modify the transform coefficients in certain transformation domain, which is an indirect enhancement method.
The image enhancement technology is a very important and hot research field in image processing. The image enhancement of frequency domain in which we take advantage of the correspondence between frequency content and image appearance, make the enhancement task very easy in frequency domain, but it will be very difficult to finish the task in spatial domain. In digital image processing, the image is intuitively viewed as two dimensions function, where the x and y denote coordinates of two-dimensional space and f is the gray value of the corresponding position. However it is difficult, even impossible to process some image enhancement tasks in spatial domain. In image enhancement field, the Fourier transform method always is applied to convert the image from the space domain to the frequency domain. Moreover frequency-based technology is equivalent to spatial-based technology. So due to the different describing way, some difficult problems in spatial domain become very easy in frequency domain.
If we consider image as a two-dimensional signal, the idea and method of image processing will be broaden greatly. Image enhancement at frequency domain is to transfer the two-dimensional function f(x,y) of original image to frequency domain F(u,v) through Fourier transform in order to do various of filter processing. When the two-dimensional function of original image is decomposed into signals with different frequencies, the high frequency signals will carry image's details (like the image's boundary), and the low frequency signals will include image's rough background information. To process these different frequency signals can help to enhance the image. After, the representation of frequency domain will be transferred to space domain through Fourier inverse transform. It is the processing of Fourier forward and inverse transform makes it possible to use the treatment at frequency domain for enhancing images.
II. THE IMAGE ENHANCEMENT IN FREQUENCY DOMAIN
A typical image processing system has three stages: pre-processing stage after obtaining original image, feature extraction stage and identification analysis stage. The first one is the most crucial because if the pre-processing is not handled well, the next steps cannot be made. Image enhancement is an important technology in image pre-processing. It adopts different special technologies to highlight some details and eliminate useless information according to the fuzzy condition of image for enhancing image's whole or local features. To enhance image from the scope of processing, there are two main categories as spatial domain and frequency domain. Spatial domain enhancement means to treat the space which the image is in directly; frequency domain enhancement is to transfer the image in original space to the space of frequency domain with a specific form, and utilize the special properties of this space to process image. Then to transfer image back into the original space to get the final one.
If any function, even non-periodic function has the limited area among the curve and coordinate axes, it will be able to be expressed as integral that is the product of weight function and sine-cosine, namely, the Fourier transform [4] .
Digital image can be regarded as a two-dimensional discrete signal. The discrete Fourier transform of a function (image) f (x, y) of size M×N is given by the following equation We define the Fourier spectrum, phase angle, and power spectrum as the following. 12 22 ( , ) ( , ) ( , )
We have the following relationships between samples in the spatial and frequency domains:
It is common practice to multiply the input image function by   prior to computing the Fourier transform in order to center the spectrum, which is shown in figure 1(b), (Note the location, labels and origin of the axes in both figures. We follow this convention throughout all discussions of the images and their corresponding Fourier spectrum.). In Fig  1(b) , the separation of spectrum zeros in the u-direction is exactly twice the separation of zeros in the v-direction. This corresponds inversely to the 1-to-2 size ratio of the rectangle in the image.
III. IMAGE ENHANCEMENT BASED ON THE FREQUENCY DOMAIN

A. Image Enhancement in Frequency Domain
We start by observing in Eq. (1) that each term of F (u,v) contains all values of f(x, y)，modified by the values of the exponential terns. Thus, with the exception of trivial cases, it usually is impossible to make direct associations between specific components of an image and its transform. However, some general statements can be made about the relationship between the frequency components of Fourier transform and spatial characteristics of an image. Since frequency is directly related to rate of change. it is not difficult intuitively to associate frequencies in the Fourier transform with patterns of intensity variations in an image. We show that the slowest varying frequency component (u=v=0) corresponds to the average gray level of an image. As we more away from the origin of the transform, the low frequencies correspond to the slowly varying components of an image. The higher frequencies correspond to faster and faster gray level changes in the images, which there are the edges of the objects and other components of an image characterized by abrupt changes in gray level.
The image shown in Fig 2 is a scanning electron microscope image of an integrated circuit, magnified approximately 2500 times. We note two principal features: strong edges that run approximately at  45 0 , and the two white oxide protrusions resulting from thermally induced failure. The Fourier spectrum in Fig  2(b) shows prominent components along the  45 0 directions that corresponds to the edges just mentioned. Looking carefully along the vertical axis, we can see a vertical component that is off-axis slightly to the left caused by the edges of oxide protrusions. The frequency domain is nothing more than the space defined by values of the Fourier transform and its frequency variable (u, v). The change pattern (law) of image intensity can be directly used in spatial domain. Generally, image edge and noise in the Fourier transform corresponds to the high frequency components, so the low-pass filter can smooth image, and remove noise. Moreover, the sudden change of the gray scale also corresponds to the high frequency, so the high-pass filter can restrain or attenuate the low frequency component, introduced to sharpen the images. Convolution theory is the theoretical basis of frequency domain technique. Let us assume the convolved result between the function f(x,y) and the linear shift invariant is g (x, y) 
The most fundamental relationship between the spatial and frequency domains is established by a well-known result called the convolution theorem. The process by which we move a mask from pixel to pixel in an image, and compute a predefined quantity at each pixel. Is the foundation of the convolution process. Formally, the discrete convolution of two functions f (x,y) and h(x,y) of size M×N is denoted by ( , ) ( , ) f x y h x y  and is defined by the expression. 
The procedure of the calculation:
(
1) Mirror the function h(m,n) about the origin, get h(-m,-n).
2) For a constant (x,y), the h(-m,-n) can be moved a distance to form h(x-m,y-n). (3) Computing a sum of products over all values of m and n for each displacement(x,y), namely, h(x-m,y-n).
(4) The displacement is a integer, so repeat the step 3 for all the (x,y) that stop when the function f(m,n) and h(x-m,y-n) no longer overlap.
The Fourier transform is a bridge in Space and frequency domain, and the Fourier transform pair is described as follows. Thus, we see that the Fourier transform of an impulse at the origin of the spatial domain is a real constant (this means that the phase angle is zero).
The impulse response function: Now suppose that we let f(x,y)=δ(x,y), and carry out the convolution defined in Eq. (15) . Using Eq. (16) Using only the properties of the impulse function and the convolution theorem, we have established that filters in the spatial and frequency domains constitute a Fourier transform pair. Thus, given a filter in the frequency domain, we can obtain the corresponding filter in the spatial domain by taking the inverse Fourier transform of the former. The reverse also is true. In practice, specifying a filter in the frequency domain and then taking the inverse transform to compute an equivalent spatial domain filter of the same size does not really help matters from a computational point of view. If both filters are of the same size, it general1y is more efficient computationally to do the filtering in the frequency domain. Therefore, we use much smaller filters in the spatial domain.
Spatial convolution is given, and we know from the convolution theorem that we can obtain the same result via the frequency domain by taking the inverse transform of the product of the transforms of the two functions. Suppose that we implemented both approaches in software on the same machine. We would find that the Frequency domain implementation runs faster for surprisingly small values of M and N. For instance, a comparison by Brigham showed that, for the1-D case, the FFT approach is faster if the number of points is greater than32. The frequency domain may be viewed as a "laboratory" in which we take advantage of the correspondence between frequency content and image appearance. As is demonstrated numerous times later in this chapter, some enhancement tasks that would be exceptionally difficult or impossible to formulate directly in the spatial domain become almost trivial in the frequency domain. Once we have selected a specific filter via experimentation in the frequency domain.
B. Image Enhancement Filter Based on Blur Convolution Frequency Domain
Edges and other shape transitions in the gray levels of an image contribute significantly to the high-frequency content of its Fourier transform. Hence smoothing (blurring) is achieved in the frequency domain by attenuating a specified range of high-frequency components in the transform of a given image.
The simplest lowpass filter we can envision is a filters that "cuts off" all high-frequency components of the Fourier transform that are at a distance greater than a specified distance D0 from the origin of the (centered) transform. Such a filter is called a two-dimensional (2-D) idea lowpass filter (ILPF) and has the transfer function.
If the image is of size M x N, we know that its transform also is of this size, so the center of the frequency rectangle is at(u, v)=(M/2, N/2) due to the fact that the transform has been centered. In this case, the distance from any point(u, v)to the center (origin} of the Fourier transform is given by 12 2 ( , ) (
For an ideas lowpass filter cross section, the point of transition between H (u, v)=1 and H(u, v)=0 is called the cutoff frequency. In the case of Fig. 4 , for example, the cutoff frequency is D0. The sharp cutoff frequencies of are ideal lowpass filter cannot be realized with electronic components, although they can certainly be implemented in a computer. One way to establish a set of Standard cutoff frequency loci is to compute circles that enclose specified amounts of total image power Pr .This quantity is obtained by summing the components of the power spectrum at each point. 
And the summation is taken over the values of (u, v) that lie inside the circle or on its boundary.
It is clear from this example that ideal lowpass filtering is not very practical. However, ideal filters can be implemented in a computer, it is useful to study their behavior as part of our development of filtering concepts. Also, some interesting insight is gained by attempting to explain the ringing property of ILPFs in the spatial domain.
The key to understanding blurring as a convolution process in the spatial domain. We see that the filter has two mayor distinctive characteristics: a dominant component at the origin, and concentric, circular components about the center component. The center component is primarily responsible for blurring. The concentric components are responsible primarily for the ringing characteristic of ideal filters. Both the radius of the center component and the number of circles per unit distance from the origin are inversely proportional to the value of the cutoff frequency of the ideal filter.
Suppose f (x, y) is a simple image composed of five bright pixels on a black background, as Fig. 5(a) shows. These bright paints may be viewed as approximations to impulses, whose strength depends on the intensity of the points.Then the convolution of h(x, y) and f (x, y) is simply a process of "copying" h(x, y) at the location of each impulse, as noted in Section 4.2.4.The result of this operation, shown in Fig. 5(c) , explains how the original points are blurred as a consequence of convolving f (x, y) with the blurring filter function h(x, y). The core technology of frequency domain image enhancement is to choose the suitable design parameters for designing the algorithm of transfer function in order to reach the enhancement effect. Lastly to use IFFT function achieving FFT inverse conversion to transfer image from frequency domain to spatial domain. Fourier transform has the features of linear, spatial displacement, symmetry, difference-integral, rotation invariance, and periodicity and so on. This experiment uses Fourier transform on image and observes its result. It's apparent that after this transform the low frequency parts reflect image's general picture, and the high frequency parts reflect image's details. The relationship between image's pixel characteristics at spatial domain and image's informational intensity strength at frequency domain are established by discrete Fourier transform. Then those details which are hard to be seen in spatial domain become visible clearly at frequency domain. 
B. The Low-Pass Filter in Frequency Domain
C. The High-Pass Filter in Frequency Domain
For ideal low-pass filter, when cutoff frequency D0 is low and the image is extremely fuzzy, the high frequency energy filtered will include the image's major edge information. At the same time, ringing effect will be very apparent. Besides the increase of cutoff frequency, the fuzzy degree is reduced because of the increase of reserved edge information. Between the frequencies filtered by Butterworth filter and Gaussian filter and the frequency passed, there is no obvious discontinuity. The image's fuzzy degree is decreased without ringing effect because of the filter smooth transition between high and low frequencies.
The ideal Gaussian filter can fully eliminate every frequency inside the circle with radius D 0 while letting those outside the circle pass without any damage. The entire image becomes fuzzy but the edge and detail become relatively clearer. The image processed by Butterworth filter and Gaussian filter only shows its edge. The intensities of edge are different, and the areas with gray smoothness have become darker. An improved image enhancement algorithm based on frequency domain is proposed in this paper. According to subjective feeling of the human visual system to light luminance, the image is processed with the global brightness transform. And the image with the global low contrast degree and the poor effect of edge parts has sound reinforcing effect. Furthermore, the edge contrast is enhanced, even the brightness contrast and information can also effectively improved. Experimental results demonstrate that the algorithm has got good enhancement effect.
